HERA-B is a xed target experiment dedicated to study CP violation in the decay of neutral B mesons into the "gold plated" decay mode B 0 ! J= K 0 s . A halo target inside the HERA proton ring is used to generate the B mesons in 820 GeV proton-nucleus interactions. This article reviews the goals and expected performance of the experiment, the feasibility of the high rate target operation and the design and status of the detector.
Introduction
One of the very important open questions in high energy physics is the origin of CP violation, a phenomenon discovered already 30 years ago in decays of neutral kaons. Neutral B mesons are one of the few other systems where it is expected to observe CP violation, allowing stringent tests of the consistency of the standard model description of the mechanism of CP violation.
Decay channels which can exhibit CP asymmetries are extremely rare and typically suppressed by four to ve orders of magnitude. Cuts to select the events and to identify the b avour reduces the useful rates in addition. Therefore a CP violation measurement requires a huge number of produced B mesons, i.e. a machine acting as a B factory. HERA-B uses the HERA proton ring to generate B mesons in 820 GeV proton-nucleus interaction on a xed target. The events contains a large number of particles besides the decay products of the B mesons and the b b production cross section at HERA energy is six orders of magnitudes smaller than the total inelastic cross section. The challenges of the experiment are the detectors which will be operated in a very high rate environment and the triggers which have to provide a background reduction by six orders of magnitude. Latest detector technology and custom integrated circuits are used for the 600 000 detector channels and their readout. A fast trigger on lepton pairs from J= decays provides a powerful background suppression already on the rst trigger level. B vertex can be used. The tagging power P = D M D T p tag is de ned by the e ciency to nd a tag tag , the dilution D M due to mixing of the tagging B and the dilution D T due to mistagging. At HERA-B a lifetime cut of 0:7 B will be performed to discriminate against prompt and fake J= 's. This leads to a related statistical factor K = 2:3, which has to be taken into account for the expected error in the sin 2 measurement for a given number N of reconstructed events:
With the expected trigger and reconstruction e ciency of 12% and a b b crosssection of 12 nb HERA-B will collect 1400 events per year (10 7 sec) and achieve a sensitivity of sin2 0:13 within one year of data taking. Due to the incoherent production of b b pairs in proton-nucleon interactions HERA-B can perform a time integrated asymmetry measurement which shows almost the same statistical signi cance as the time dependent study, which will be used for a consistency check of the data. produced by quark annihilation,! b b. Fig. 3a) shows the results of QCD calculations up to 3 s . They predicts a b b cross section of about 12 nb at 820 GeV beam energy 4 . In Fig. 3b ) these results are compared with experimental data. On of the more resent measurements by E789 5 at similar energies gives a b b cross section of about 7 nb. Note that both, the theoretical and experimental data, incorporates large uncertainties.
HERA-B will use a set of 8 ribbons with 50 m thickness parallel to the beam and 500 m length along the beam axis, which are positioned around the beam at a distance of 4 -6 r.m.s. The main idea is to absorb protons, which leaves the beam core and would get lost anyhow, and bring them to interaction in the target. Such a wire target is mechanically stable, easy to operate and it gives well localized and separated main vertices.
As already indicated by the above mentioned numbers on b b cross section, branching ratios, trigger and reconstruction e ciency, the HERA-B experiment requires a very high interaction rate of approximately 30 MHz. This gives then a b b quark pair production rate of around 30 Hz, depending also slightly on the nal target material choice. Taking into account the HERA bunch frequency this means four simultaneous interactions per bunch crossing.
An initial key question of the HERA-B experiment was, whether its possible to achieve this rate without disturbing the e ? p luminosity operation of HERA. This requires a reliable and secure steering of the target wires, a very high e ciency of more than 50% for protons to interact on the target before getting lost and measures to minimize additional background at the other HERA experiments. During the last years the feasibility of long term high rate target operations was proven. target emergency system, which retracts for safety reasons the wires to avoid huge spikes in the rate. During the run the targets move steadily closer to the beam (b) and scrape away protons from the bunch tails to keep the interaction rate constant. The wires approach to less than four sigma to the beam core.
The scrapping of the beam leads to a clearly visible reduction of the proton current and lifetime (c). In the above example the proton lifetime while high rate is between 45 h and 50 h. This results in a target e ciency T , de ned by the ratio of the interaction rate on the target wires and the total HERA proton loss rate, between 60 and 65 %. The target e ciency T is mainly determined by multiple scattering in the wire and the available free aperture of the proton beam. One thus expects to reach higher e ciencies with low Z target materials and to get lower values for T if the aperture is decreased. This behavior was measured in good quantative agreement with Monte Carlo simulations.
Another important topic is the background at the other HERA experiments caused by large angle elastic proton nucleon scattering in the target wires 6 . In Fig. 4 d) the both most critical background rates together with the limits for good running conditions are given. The limits for still acceptable background conditions are a factor of two higher. In the 1996 run it was proven, that the HERA optics modi cations for the HERA-B experiment together with the extended and adjusted proton collimator system is very effective for the reduction of target induced background. shows this decay once more, now indicating the di erent detector components together with the trigger scheme 7 and the data acquisition system 8 , which are not discussed here. The detector built as a magnetic forward spectrometer with a 2.1 Tm magnet covers about 90% of the solid angle in the center-ofmass-system (see Fig. 6 ). The inner detector acceptance of 10 mrad is limited by the space required for the proton beam tube and the radiation dose. In Table 1 the main detector components are summarized.
The HERA-B detector has to provide a very e cient reconstruction of multiple events with up to 100 tracks per bunch crossing (each 96 nsec) and a high capability to identify leptons and charged kaons. A fast, e cient and highly sensitive triggering on J= and a high resolution for B decay vertices is required. Most of the components has to be built in radiation-hard technology.
Already in a early stage of the detector design a full simulation of the detector with pattern recognition and track tting packages were developed and used to provide a feedback concerning the detector layout. For the nal design which is now in the production phase an excellent performance is expected. The silicon vertex detector e.g. provides a B vertex resolution x;y 25 m, the pion/kaon misidenti cation using the RICH is expected to be less than 2% at 90% e ciency for the kaons. The electro-magnetic calorimeter provides an energy resolution E=E 10%= p E=GeV and the misidenti cation is expected to be smaller than 1%. The successful engineering run 9 in 1996 was a very important milestone on the way to operate the complete nal detector. The HERA-B magnet together with the critical compensation for the electron beam and its spin polarization was operated regular without problems. Note that the HERA electron beam has to go through the detector near the pole face of the magnet as indicated in Fig. 6 . The 2 m long vertex detector vessel with its essential secondary vacuum system was installed and successfully operated. Also a 6.5 m long prototype Al beam pipe with 0.5 mm wall thickness was installed. Realistic prototypes of nearly all sub-detectors has been successfully tested. Tracks has been seen by the vertex detector and the outer tracker modules. A crucial point was the comparison of the measured occupancy with GEANT simulation. All detectors showed a very good agreement. High-p T tracks and transition radiation signals has been observed and the installed electro-magnetic calorimeter blocks has been calibrated.
The mass production of the detector components, the assembly of the middle detector platform with the huge RICH vessel and the installation of the electronics hut has started in the beginning of this year. In the HERA winter shutdown 1997/1998 major parts of the detector will be assembled and brought into beam position. After the commissioning of the detector a limited physics program including a measurement of the b b cross section will be performed in 1998. In the shutdown 1998/1999 the detector will be completed and a rst signi cant measurement of sin2 is anticipated until the end of 1999.
